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Introduction {#s1}
============

Visual impairment is an important health problemand a major cause of injury in the elderly. In general, vision becomes progressively worse after the age of 50. In addition to normal age --related refractive changes, older people are particularly susceptive to common eye pathologies such as cataracts. Cataract is a major cause of vision impairment in the elderly, particularly in low income societies ([@R1]).The high prevalence of cataract may be explained largely by inadequate access to cataract surgery and some environmental risk factors such as poor diet and occupational sunlight exposure. It is clear that cataracts cause visual impairment, measured traditionally by visual acuity. Cataract, affecting mainly visual acuity and contrast sensitivity, contributes to about 50% of visual impairments in the elderly ([@R2],[@R3]). The consequences include decreased ability to perform activities of daily living (such as reading, watching television, driving and interacting socially),depression, increased number of falls, and increased mortality ([@R3]-[@R5]).

Falls become more frequent with age and can cause serious musculoskeletal injuries that may lead to functional limitation, permanent disability, institutionalization or even mortality ([@R6]-[@R9]).

The ability to control the body's position in space (postural control) and body's center of mass in relation to the base of support( postural stability) are dictated by the efficiency of the individual's balance mechanism related to anticipatory postural adjustments, as well as compensatory postural adjustment that are initiated by sensory feedback signals. The important sensory systems involved in postural control are somatosensory information, vestibular system and vision ([@R10],[@R11]). Patients with visual impairment must place a greater emphasis on somatosensory and vestibular information to maintain postural stability and control body's position in space ([@R7],[@R8]). When vision is impaired, older adults experience greater problems with mobility that lead to reduced ability to perform independent activities of daily living ([@R12],[@R13]). Vision allows a person to identify a potential hazard and triggers a motor response in central nervous system. Decreasing visual processing speed reduces the ability of the older adult to detect hazards in the environment, and increases falls risk ([@R14]).

There is not a consistency on the association between visual impairment and the increase in the number of falls. There are several reports that indicate visual impairment is a risk factor for falls in the elderly. Several studies described visual impairment as one of the main physiological components associated with falls in the elderly; these being explained by the reduction caused in their balance and proprioceptive information ([@R15]-[@R19]). However, other studies have not found any association between visual impairment and falls ([@R20]-[@R22]).

The Timed up-and Go test (TUG) is a clinical test of mobility and fall risk in the elderly, and includes standing up from a chair, walking straight-ahead, turning and sitting down ([@R23]). Gait impairments are well-known risk factors for falls in older persons. Elliott et al. ([@R24]) found that Gait speed was reduced when young healthy persons with simulated cataract walked across a curved pathway in dim light. When people stand with their eyes closed, postural sway increases by 20--70% ([@R15]).Walking with eyes closed led to decreased walking speed and cadence in older adults compared to younger adults ([@R24]). Helbostad ([@R25]) also showed that visual problems in older adults lead to a more cautious and unstable gait pattern even under relatively simple conditions. Also, difficulties with postural control and balance have been reported in children and adolescents with visual impairments ([@R26],[@R27]).

Most of the mentioned studies evaluated the impact of visual impairments of older adults with different types of eye disorders( refractive errors and different kinds of eye pathologies) on falling, while our study aimed to verify the influence of visual impairment of older adults with cataract on the occurrence of falls and postural control.

Methods {#s2}
=======

Participants {#s2-1}
------------

A total of 114 elderly community residents aged 60 to 96 that referred to a health center in Tehran from 2013 to 2014 underwent an ophthalmologic screening examination by an experienced optometrist. The cataract diagnosis was made by an experienced optometrist, who measured visual acuity and observation of cloudiness of the crystalline lens using ophthalmoscope. Visual acuity was measured for each participant using the Snellen\'s illiterate E chart. Cataract diagnosis was performed using ophthalmoscope (Heine, made in Germany, Beta 200). According to the results of screening ophthalmic examination, 48 cataract patients and 50 individuals without any obvious eye disorders were enrolled in this study. The inclusion criteria were as follows: age 65 years or older, living independently in the community, able to walk with or without an assistive device, but without the assistance of another person, able to follow simple instructions, an absence of known neurological, musculoskeletal or cardiovascular disorders ([@R6],[@R7],[@R10]).

Before participating in the study, all participants signed an informed consent form approved by the Human Subjects Committee of University of Social Welfare and Rehabilitation Sciences. During the interview, demographic characteristics, medical history, and the previous falling events were examined. If the participants experienced at least two falls in the past 12 months, they were considered as fallers ([@R7]).

Postural Control Tests: {#s2-2}
-----------------------

Clinical Test of Sensory Interaction and Balance (CTSIB) {#s2-5}
--------------------------------------------------------

All participants were tested in four trials. The conditions were: Quiet standing on the floor, looking straight ahead; quiet standing on the floor, with eyes closed; quiet standing on the foam with the eye open; and quiet standing on the foam, with the eye closed ([@R28]). Prior to testing, the examiner demonstrated the test condition. For all conditions, the participants were instructed to stand quietly with arms across the chest, feet together with ankle bones touching for as long as possible up to 30 seconds. The length of time the participant could maintain balance was recorded. The experiment ended when the participant's arm or feet changed position ([@R28]). To eliminate the confounding effect of fatigue, the participants were allowed to rest between trials for 60 -120 seconds. The order of tests was randomized to minimize the effects of fatigue.

Timed up and Go (TUG) Test {#s2-3}
--------------------------

The participant sat on a standard chair and placed his/her back against the chair. This test was measured in seconds; and the time the participant took to stand up from the chair, walk three meters, and return to the chair by walking back to the chair and sitting down again was measured ([@R23]).

Statistical Analysis {#s2-4}
--------------------

SPSS version 19 statistical software was used to conduct all data analysis. Analysis included descriptive summaries and one way analysis of variance to determine if there were any differences in postural control tests between the two groups. The chi-square test was used to compare the falling prevalence rate for older adults with and without cataracts. The significance level was set at 0.05.

Results {#s3}
=======

The study population included 114 persons 60 years of age and older (mean ± SD ages: female = 69.42 ± 6.31yrs., male 69.86 ± 5.65 yrs.) that underwent ophthalmologic screening examination at a center for the elderly in Tehran.Among the 114 screened participants, 43.8 %(n= 50) did not have any especial eye problem, while the others (56.2%) had a problem. The most common cause of visual impairment in the screened old participants was cataract (n= 48, 42.10%). Seventy percent (n= 35) and 70.8 %(n= 34) of the participants were female, and 30% (n= 15) and 29.2% were male in the normal and cataract groups, respectively. Eighteen percent of the normal eye group and 22.9% of the cataract patients had at least 2 falls in the past 12 months; however, the result of chi-square test did not reveal any difference between the two groups (p= 0.36). The results of CTSIB test revealed no significant differences between the two groups on standing on the floor with eyes open and eyes closed (p= 0.61,p= 0.89) and on standing on the foam with eyes open and eye closed (p= 0.32, p=0.74). The average TUG times in cataract and control groups in our study were15.17 (3.58) and13.77 (4.90), respectively; however, no significant differences were found between the two groups (p= 0.12) ([Table 1](#T1){ref-type="table"}).

###### The results of One- Way Analysis Variance to Compare CTSIB and TUG Tests in Older Adults with and without Cataract

  ------------------------------ --- ------------- ------------- ------
  Variables (Measurement Unit)       Mean(SD)      p             
  Age(years)                         Control       cataract      
                                     68.46(6.08)   70.69(5.97)   0.07
  CTSIB test(seconds) \*         1   29.87(0.87)   30(0.00)      0.32
                                 2   29.64(1.72)   29.53(1.61)   0.74
                                 3   29.50(3.18)   29.15(3.43)   0.61
                                 4   25.25(8.79)   25.48(7.93)   0.89
  TUG test (seconds)\*\*             13.77(4.90)   15.17(3.58)   0.12
  ------------------------------ --- ------------- ------------- ------

\*Clinical Test of Sensory Interaction and Balance

\*\*Timed up and Go

1\) Quiet standing on the floor, looking straight ahead; ([@R2]) Quiet standing on the floor with eyes closed; ([@R3]) Quiet standing on the foam, with the eyes open; ([@R4]) Quiet standing on the foam, with the eyes closed

Discussion {#s6}
==========

The findings of this study revealed no significant differences between average TUG times and the CTSIB test result in the cataract and control groups.

The average TUG times in cataract and control groups in our study were 15.17(3.58) and13.77 (4.90), respectively. Shumway-Cook et al. ([@R29]) found that TUG is a sensitive and specific indicator of whether falls occur in community dwelling older adults, and they also found that older adults who take longer than 14 seconds to complete the TUG are at a high risk for falls. TUG times are important in identifying older adults with a likelihood of falling. For example, Shumway-Cook et al. ([@R29]) showed individuals with TUG times of 13 and 14 seconds had a 69% and 83% probability of being a faller, respectively. Thus, the longer TUG time of the cataract group in our study is in agreement with their higher falling rate. The results of our study revealed that the older adults in cataract group had higher frequency of falls (22.9%) compared to normally sighted community-dwelling elderly individuals (18%). The occurrence of at least two falls in the past 12 months was higher in the cataract group; however; there was not any significant difference between the two groups. There was not any consistency on the association between visual acuity and the increase in the number of falls. There are several reports that indicate visual impairment is a risk factor for falls in the elderly ([@R15]-[@R19]). However, other studies have not found this to be the case ([@R20]-[@R22]). Contrary to our results, Nunes et al. ([@R30]) and Almeida et al. ([@R31]), showed that elderly patients with visual impairment were more likely to suffer falls. They measured vision based on self-report, while our results were based on clinical measures of impairment. Also, the results of Ray et al. ([@R27]) and Ray and Wolf ([@R32]) studies indicated that postural stability was reduced and modified in those participants with vision loss. These discrepancies may relate to differences in subjects used in these studies. Ray et al. ([@R27]) and Ray and Wolf ([@R32]) studies included younger adults with visual acuity disorders. In contrast, we studied community-dwelling older adults with and without cataract. On the other hand, in agreement with our results, some researchers showed that visual impairment is not independently associated with falls in people with low vision, and explained that visual acuity plays a more significant role as a falls risk factor when the subjects are dependent ([@R20]-[@R22]). It should be noted that our participants were mobile and independent community-dwelling individuals; and therefore, the role of visual acuity as an independent predictor of falls may be less important.

1\) Quiet standing on the floor, looking straight ahead; ([@R2]) Quiet standing on the floor with eyes closed; ([@R3]) Quiet standing on the foam, with the eyes open; ([@R4]) Quiet standing on the foam, with the eyes closed

Also, it should be considered that falls have a multi-factorial etiology that is categorized as person specific (or intrinsic) and environmental (or extrinsic) ([@R9]). Some previous studies have shown other aspects of visual function such as edge contrast sensitivity, rather than visual acuity, to be more strongly associated with falls and fractures ([@R20],[@R21]). Low contrast sensitivity can be a symptom of certain eye conditions or diseases such as cataracts, glaucoma or diabetic retinopathy. Whereas visual acuity measures fine detail vision, contrast sensitivity tests assess the person's ability to detect edges under low contrast conditions such as low light, fog or glare situations when the contrast between objects and their background is often reduced ([@R21]). In support of this claim, the most commonly reported causes of falls are trips, slips and environmental hazards such as obstacles ([@R8],[@R9])

It is well known that even while our participants in the control group did not have any obvious visual impairment, as a sequence of aging, their mobility and balance might have been influencedby multiple physiological and psychological processes. Several studies have shown the musculoskeletal system changes in older people over time by losing mass, strength, and muscle fiber distribution ([@R8],[@R9]). Reduced lower extremity muscle strength and flexibility (especially in hip and ankle muscles) have been found to correlate with an increased risk of falls ([@R9],[@R33]).

There were some limitations in this study. Some studies have shown that fall risk is also related to cognitive function ([@R29],[@R9]); thus, adding a dual-task challenge may be more successful in assessing at- risk older adults. Also, it is suggested that the postural control be assessed using advanced devices in future studies.

Conclusion {#s4}
==========

According to CTSIB and TUG tests, vision impairment in old adult patients with cataract is not associated with falls and balance disorders. Further work including assessment of postural control with advanced devices and considering other falls risk factors are also required to identify predictors of falls in patients with cataract.
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